SPOT in Location Based Emergency Services, LBES Detailed Analysis by Ali Sarwar & Binghao Li
 
 
 
    International Global Navigation Satellite Systems Society 
IGNSS Symposium 2009 
 
Holiday Inn Surfers Paradise, Qld, Australia 
1 – 3 December, 2009 
 
SPOT in Location Based Emergency Services, LBES 
Detailed Analysis 
 
 
Ali Sarwar 
School of Surveying and Spatial information Systems, UNSW, Australia 
Phone 93854185, Fax 93137493 Email: ali.sarwar@student.unsw.edu.au 
 
Binghao Li 
School of Surveying and Spatial information Systems, UNSW, Australia 
Phone 93854189, Fax 93137493 Email: binghao.li.@unsw.edu.au 
 
Andrew G. Dempster 
School of Surveying and Spatial information Systems, UNSW, Australia 
Phone 93856890 Fax 93137493 Email: a.dempster@unsw.edu.au 
 
ABSTRACT 
 
SPOT satellite messenger has been a subject of widespread discussion 
both in  public and private sector for its reliability and  practicality, 
recently in Location Based Emergency Services (LBES). This paper 
reports  tests  of  the  SPOT  system  and  presents  the  performance, 
reliability and availability benchmarking test results with reference to 
other  methods  like  Assisted,  High  Sensitivity  and  Low  Sensitivity 
GPS in comparable environments. Test results led to the conclusion 
that  AGPS  demonstrated  better  availability,  collectively  in  all 
environments with fewer chances of failure and superior performance 
overall. Assisted GPS can potentially provide superior availability and 
coverage at a reasonable cost. 
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1. Introduction 
 
GPS has long been deployed for navigation and positioning since the early 1960s; 
however, its universal performance has been questionable. Its accuracy and availability can 
degrade  substantially  in  urban  canyons/indoor/unclear  sky  environments  including  signal 
blockage or attenuation, and multipath or signal interference. (A.K. Brown et al., 2006). This 
is unacceptable in location determination for emergency services e.g. fire fighting, search and 
rescue and life saving operations. Assisted-GPS or an alternate positioning system may be 
required to provide an alternative (LaMance et al. 2002; Bryant 2005).  
For instance, SPOT satellite messenger claims to solve all of the above problems with 
98% accuracy in mixed scenarios with a clear sky view. This paper tests SPOT’s performance 
in terms of availability and benchmarks with the known performance of Low-Sensitivity GPS 
(eTrex=-120dBm), High-Sensitivity GPS (SiRFStar= -160dBm) and Assisted GPS (SUPL, 
MS-Based/MS-Assisted). A total of 26 tests points (TPs) were selected in the vicinity of  
 
 
UNSW  comprising  several  scenarios  with  different  GPS  difficulty  levels  on  the  basis  of 
signal strength and satellite availability. It was found that AGPS outperforms SPOT satellite 
messenger  in  most  environments  in  terms  of  satellite  availability,  low  Time  to  Fix  First 
(TTFF) and failure rates.  
 
1.1 Location Based Emergency Services, LBES 
 
Although a conventional GPS takes around a minute to compute the first position fix, 
(F.V. Diggelen, 2009), different Government mandates such as the US E911, (FCC, 2009), 
dictate time and response critical Location Based Emergencies Services, LBES to provide a 
fix more than 95% of the time within a few seconds. The application of interest was remote 
search and rescue. For this, SPOT seems ideal because of its claimed availability of more than 
96-99% of the time within 1200secs (FindMeSpot, 2007). Other systems were selected for 
comparison: high and low sensitivity GPS  and AGPS. Fig-1 demonstrates  the  conceptual 
building blocks of a generic Location Based System. 
 
 
Fig-1: Building Blocks of a Generic LBS 
 
 
From  a  user  perspective,  SPOT  might  potentially  pose,  a  relatively  sophisticated 
architecture  than  other  devices  used  for  emergency  location  such  as  Emergency  Position 
Indicating Radio Beacons (EPIRBs), Emergency Locator Transmitters (ELTs) or Personal 
Locator Beacons (PLBs). It is therefore fair benchmark against AGPS and High Sensitivity 
stand alone GPS.  
EPIRBs transmit location and tracking beacons at specified intervals of time. They can 
be used for tracking, sending distress signals in close proximity and location detection. There 
are different generations and categories of EPIRBs in the range of 121.5-406 MHz. Some of 
these frequencies have been phased out of service recently. ELTs are mainly used for military 
applications. PLBs are used to indicate personal distress in maritime applications. All of these 
devices  use  Cospas-Sarsat  system  incorporated  initially  in  1979  mainly  for  military 
applications by Canada, France, US and Russia. The system consists of satellite and ground 
terminals responding immediately to beacons originating from EPIRBs, PLBs and ELTs. It’s 
operated  by  National  Environmental  Satellite,  Data  and  Information  Service,  NESDIS  
 
 
(NOAA, 2009), which is a division of National Oceanic and Atmospheric Administration, 
NOAA. 
NOAA operates the Search and Rescue Satellite Aided Tracking (SARSAT) System 
to  detect  and  locate  mariners,  aviators,  and  recreational  enthusiasts  in  distress  almost 
anywhere in the world at anytime and in almost any condition.  
The SARSAT system uses NOAA satellites in low-earth and geostationary orbits to 
detect and locate aviators, mariners, and land-based users in distress. The satellites relay 
distress signals from emergency beacons to a network of ground stations and ultimately to 
the U.S. Mission Control Center (USMCC) in Suitland, Maryland. The USMCC processes 
the  distress  signal  and  alerts  the  appropriate  search  and  rescue  authorities  to  who  is  in 
distress and their location. The operation is graphically shown in Fig-2, taken from their 
public domain website. 
 
 
 
Fig-2: COSPAS-SARSAT Global Operation 
 
 
1.2. SPOT Satellite Messenger 
 
1.2.1 General 
 
SPOT Satellite Messenger uses the GPS satellite network to acquire its coordinates, 
up-links the information to the Global Star commercial satellite constellation which transmits 
to their earth station. The information is then broadcast to the relevant Mobile Phone Operator 
to send an SMS notification,  plotted on  Google Maps and uploaded to  the  personal  web 
account.  If  sufficient  GPS  and  commercial  satellite(s)  are  available  and  communication 
successful, one could send an OK message, track progress, check in with family & friends, 
seek  emergency  or  non-emergency  assistance  and  notify  about  their  current  location  and 
coordinates (FindMeSpot, 2007). Fig-3 graphically elaborates the working of SPOT.  
 
 
 
 
Fig-3: SPOT Satellite Messenger Working 
 
SPOT claims to provide emergency reporting at the push of pre-configured button. It 
determines  location  via  the  GPS  constellation  and  sends  pre-programmed  messages  and 
location  to  nominated  email  addresses  and  mobile  phones  using  the  Global  Star 
communication satellites. These messages are then plotted onto Google Maps and posted in 
the user web account. 
 
1.2.2 System Details 
 
This  section  details  the  operation  and  network  architecture  of  SPOT  satellite 
messenger. The SPOT handset has four buttons ON/OFF, OK, HELP and 911, for specific 
operations. Four LED(s) show the device status or message being sent. The buttons can be 
configured for different types of responses. Generally the OK button sends a safety message; 
HELP  sends  a  help  message  and  911  sends  a  distress  message  for  seeking  emergency 
services. The SPOT operation starts with obtaining an initial position fix using GPS which is 
then  forwarded  with  the  location  details  to  Global  Star’s  commercial  48-56  satellite 
constellation which in turn relays back this location to the earth station. Then it’s sent with the 
subsequent  response  to email,  cell  phone  via  SMS,  the  Emergency  Response  Centre and 
finally updates the SPOT user profile.  
The messages can be received on mobile phones as shown in Fig-4. Fig-5 shows the 
periodic updates on web-based user-profile. The Lat/Long information plots, periodic updates 
on SPOT’s user profile identifying the location, time and other details of remote person can 
be seen. Fig-6 shows the updates on Google Maps which are then uploaded in the user profile. 
 
 
 
 
 
 
 
  
 
 
 
 
 
Fig-4: Message Update on Mobile Phone 
 
 
 
 
Fig-5: Tracking/Logging Updates on User-Profile 
  
 
 
 
Fig-6: Lat/Long Plots on Google Maps 
 
SPOT  is  manufactured  by  a  company  called  AXONN  LLC  (Axonn,  2009)  and 
marketed by SPOT INC. The chipset used is NEMERIX’s NX2, (Nemerix, 2007) base band 
processor which is claimed to be ultra low-power, high performance, stand-alone and hosted 
AGPS  L1 C/A  code capable.  It uses the Low  Earth Orbit; LEO  satellite constellation  of 
Global Star, (FindMeSpot, 2007) which is claimed to be one of the leading communication 
satellite link providers. The SPOT uses the AXTracker STX2 technology, a small satellite 
transmitter, to determine a customer's location. The SPOT network transmits that information 
to friends, family or an emergency service center, (Axonn, 2009). 
 
1.2.3 Reliability and Coverage Claims 
 
SPOT boasts a reliability of 96-99% or more in most places around the globe. It uses 
GPS to determine a user's location and the SPOT satellite network to transmit that location 
and the user's status. The SPOT satellite network is a commercial satellite network with a 
claimed  99.4%  reliability  rate  while  processing  over  6  million  messages  a  month  -  the 
equivalent of 2.3 messages per second (FindMeSpot, 2007). It also claims a global footprint 
of more than 90-95%. These claims are tested here in a mixed scenario environment against 
the following benchmarking equipment, to test the reliability of SPOT as an LBS solution. 
 
1.2.4 Benchmarking Equipment: SUPL AGPS, HS-GPS (SiRF-III), LS-GPS (eTrex) 
 
For benchmarking a Secure User Plane Location (SUPL) enabled AGPS/GPS device, 
Mio pocket PC phone, capable of providing a position fix in different modes has been used. 
SUPL is an emerging standard produced by the Open Mobile Alliance (OMA) (Open Mobile 
Alliance, 2007). The SUPL standard allows Mio’s client to connect to Andrew Corporation’s 
AGPS  location  server  using  the  TCP/IP  protocol,  and  request  its  location.  SPOT’s 
performance has been compared with the results presented in SUPL performance and analysis  
 
 
(Li et. al 2009).  
Mio A701 can run in both MS-based and MS-Assisted AGPS modes through Andrew 
Corporation’s Server (CommScope, 2009). It also works as a High Sensitivity Stand-Alone 
GPS receiver. Once a TCP/IP connection is established, the SUPL Enabled Terminal (SET) 
can determine its location using Assisted GPS (Broadcom, 2007). Mio can also provide a 
position fix in Stand-Alone mode, incorporating a HS SirfStar-III GPS chipset (-160dbm) 
(SiRF, 2009). Fig-7 shows the working of Mio AGPS system. 
 
 
 
 
Fig-7: Mio AGPS System 
 
Garmin eTrex (Garmin, 2005) was used as LS-GPS (-120dBm) to analyse the relative 
performance  of  SPOT’s  Nemerix  NX2/NJ1030,  claimed  to  be  Low  RF  noise,  Ultra  low 
power, L1 C/A code, with similar sensitivity. 
 
2. Testing 
 
2.1 Test Points 
 
A  total  of  26  test  positions  were  selected  around  the  UNSW  campus.  The  test 
positions represent a broad range of environments including open sky view, different levels of 
tree cover, adjacent to large buildings, under cover and indoors demonstrating different pre-
analyzed difficulty levels. The test positions have been classified into 5 categories: Urban, 
Suburban, Rural, Indoor and Open sky.  
Fig-8 shows the UNSW map marked with 22 outdoor TPs in the UNSW vicinity. The 
remaining 4 haven’t been marked as they are indoors. These were first defined in (Li. et. al 
2009) as test points for AGPS. Here we test SPOT in the same locations to see how it would 
perform in difficult terrain. SPOT was tested in these locations on the basis of difficulty levels 
to truly test its potential and verify the claims boasted by the company and its credibility as a 
reliable LBS solution.  
  
 
 
 
Fig-8: Test Points in/around UNSW 
 
2.2 Test Results 
 
The  tests  were  conducted  at  locations  in  and  around  UNSW  vicinity  where  the 
performance can be compared to the pre-known performance of devices like Hi-Sensitivity 
GPS,  AGPS  and  Low-Sensitivity  GPS.  Difficulty  level,  DL  =  GPS  difficulty  levels  are 
estimated at a particular site ranging between 0 (least) to 10 (most difficult). This is estimated 
based primarily on how much open sky is visible; e.g. 0 means open sky (more than 90% 
sky), 10 means indoor (less than 10% sky), (Li et. al 2009). A few TPs were not able to be 
revisited because of construction work.  
A total of 68 attempts to position using SPOT were made at 26 test points to verify the 
availability and TTFF claims. Some of those points show ‘unaccessed’ in the ‘number of 
satellites’ column for other devices (GPS, AGPS). This means that those points couldn’t be 
accessed  to  test  the  specific  device, at  that  particular  time,  due  to  construction  works  in 
progress. Table-1 shows all 26 TPs, the map references, difficulty levels and type of terrains. 
The  results  were  segregated  in  Pass/Fail  depending  upon  the  successful  communication, 
message delivery and online user profile update.  
Where the SPOT successfully delivered a message and/or updated the user profile a 
Pass  was  reported  and  a  total  of  two  attempts  were  made  in  each  of  those  locations. 
Otherwise, a Fail was reported and a total of three attempts were made to verify if any other 
factors of physical diversity affected performance. Where multiple results are seen comprising 
both Pass/Fail, a total of three attempts was made comprising 1 Pass and 2 Fails. The SPOT 
seemed to pass only when the eTrex saw 6 or more satellites. The further columns specify the 
Min/Max number of satellites seen by SET-Assisted and SET-Based AGPS and Stand-Alone 
GPS (high sensitivity) for comparison. The final column demonstrates the different SPOT 
TTFF in each scenario. It can be clearly seen that SPOT has the highest TTFF and lowest 
number of satellites visible as compared to AGPS and HS-GPS, in each scenario. Table-1 
below shows the detailed test results of all devices in different scenarios.  
  
 
 
S. No. Point DL Type SPOT Check SPOT TTFF
Pass/Fail Min Max Min Max Min Max Min Max Attempts Secs, Max 1200
1 B042A 5 S Fail 1 2 4 10 4 10 3 6 3 1200
2 B112B 2 S Pass 7 8 4 11 5 10 4 10 2 80/140
3 B315C 6 U Fail 2 4 4 8 4 10 4 7 3 1200
4 B328 8 S Fail 1 2 4 11 4 10 3 1200
5 B330 5 U Fail 0 1 3 1200
6 B333 4 U Pass 7 8 4 10 4 10 2 80-130
7 B405 3 S Fail 2 3 4 10 4 10 4 10 3 1200
8 B407 5 U Fail 2 4 4 10 4 9 4 6 3 1200
9 B408 0 O Pass 6 8 4 12 6 10 3 10 2 70/130
10 B409 1 R Fail 7 8 4 11 4 10 3 9 3 1200
11 B410 1 R Pass 7 8 4 12 4 10 4 10 2 70-130
12 B411 9 U Fail 3 4 4 12 3 10 4 7 3 1200
13 B414 10 U Fail 0 1 4 11 4 10 4 8 3 1200
14 HP415 6 U Pass/Fail 5 6 4 8 4 10 4 7 2 130/1200
15 B417 6 U Fail 0 1 4 11 4 10 4 8 3 1200
16 B424 2 U Pass 6 7 4 10 5 10 4 10 2 80
17 B429 6 U Pass 7 9 4 10 4 10 4 8 2 90
18 B609 4 U Pass/Fail 6 7 4 10 4 10 4 8 3 130/1200
19 PM311 2 S Pass 6 7 4 12 6 10 4 10 2 70/120
20 PM312 3 S Pass 7 8 4 11 4 10 4 9 2 130
21 PM316 3 S Pass 6 7 4 10 5 10 4 9 2 130
22 PM477 3 S Pass/Fail 6 7 4 11 4 10 4 9 3 130/1200
23 INDR1 10 I Fail 0 0 4 10 4 10 3 3 3 1200
24 INDR2 10 I Fail 0 0 4 8 4 10 4 4 3 1200
25 INDR3 10 I Fail 0 0 Unaccessed Unaccessed Unaccessed 3 1200
26 INDR4 10 I Fail 0 0 4 9 4 7 3 4 3 1200
E-Trex Set Assisted Set Based Stand-Alone
Unaccessed
Unaccessed Unaccessed
Unaccessed
Unaccessed
 
Table-1: Results of all GPS devices, summarized 
 
Table-1 shows the number of satellites available on the all devices. SPOT and eTrex 
presumably  have  the  same  number  of  visible  satellites  as  of  similar  sensitivity  levels=-
120dBm (approx), Min and Max (number of satellites) column about SPOT in the graphs. It is 
clear that eTrex and SPOT have the lowest number of satellites visible, which is probably the 
main reason for failure. The x-axis shows  the test  point and y-axis shows the maximum 
number of satellites visible for each test. 
Fig- 9 shows the deterioration in performance in terms of satellite visibility for eTrex 
and SPOT with an increase in difficulty level. The other methods, specially the SET-Assisted 
AGPS, consistently show higher numbers of satellites in all scenarios. 
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Fig-9: Benchmarking of Different Systems and SPOT Performance w.r.t. Difficulty Levels 
 
 
  
 
 
2.3 Analysis and Comparison 
 
Tables  2,  3  &  4  show  the  individual  performance  statistics  for  the  five  terrain 
categories i.e. Open Sky, Suburban, Urban, Rural and Indoor, for all devices. These tables 
demonstrate the Min/Max TTFF’s, no. of satellites and average availability percentile(s) in 
the specified scenarios for each of the four devices i.e. SPOT, MS-Assisted, MS-Based and 
Stand-Alone.  It  is  evident  that  SPOT  or  eTrex  demonstrate  lower  numbers  for  satellite 
visibility, higher TTFFs and lower overall availability rates.  
Refering to Table 2, SPOT is only available about 40% of the time as compared to 
AGPS (98.5% & 99.8%) and high sensitivity stand-alone GPS (86.7%). This contrasts with 
the  manufacturer’s  claim  of  97.7%  average  availability.  Even  if  we  exclude  the  indoor 
scenario, the average availability is improved only to 65.25% which still is a very low rate 
compared to the claim. 
 
 
 
TTFF(s) No. of Sats Pass/Fail(attempts) Availability (%)
Min 70 6
Max 130 8
Mean 100 7
STD 30 1
Min 70 1
Max 1200 8
Mean 670 5
STD 566 3.5
Min 80 0
Max 1200 9
Mean 680 4.5
STD 561.4 4.5
Min 70 7
Max 1200 8
Mean 670 7.5
STD 566 0.5
Min 0 0
Max 1200 0
Mean 600 0
STD 600 0
Min 58 0
Max 1200 9
Mean 544 4.8
STD 464.6 1.9
100%
45%
16%
40%
40.20%
SPOT
Pass=2
Fail=0
Pass=9
Fail=11
Pass=4
Fail=21
Indoor
Pass=2
Pass=0
Fail=3
Type
Open Sky
Suburban
Urban
Rural
Pass=0
Fail=4
All
0%
Fail=4
 
Table-2: SPOT Performance Parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
   
TTFF(s) No. of Sats Availability (%)
Min 8 4
Max 17.9 12
Mean 10.9 9.3
STD 1.7 1.4
Min 7 4
Max 27 12
Mean 11.4 7
STD 2.5 1.7
Min 7 4
Max 27 12
Mean 11.2 6.4
STD 2.2 1.5
Min 7 4
Max 19 12
Mean 10.7 8.4
STD 1.7 1.3
Min 9 4
Max 36 10
Mean 14 5.8
STD 5.1 1.5
Min 7 4
Max 36 12
Mean 11.6 6.8
STD 2.9 1.7
A
G
P
S
(
M
S
-
A
s
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t
e
d
)
Type
Open 
Sky
Subur
ban
Urban
Indoor
All
98.50%
Rural
 
Table-3: MS-Assisted AGPS Performance Parameters 
 
 
 
TTFF(s) No. of Sats Availability (%)
Min 8 6
Max 13 10
Mean 9.7 8.6
STD 1 1.1
Min 8 4
Max 39 10
Mean 10.4 7.7
STD 2.2 1.5
Min 8 3
Max 29 10
Mean 10.4 6.9
STD 2.1 1.6
Min 8 4
Max 43 10
Mean 10.2 8.4
STD 2.6 1.6
Min 9 4
Max 93 10
Mean 22 6
STD 8.7 1.3
Min 8 3
Max 93 10
Mean 11.8 7.3
STD 5.3 1.7 99.80%
A
G
P
S
(
M
S
-
B
a
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e
d
)
Type
Open Sky
Suburban
Urban
Rural
Indoor
All
 
Table-4: MS-Based AGPS Performance Parameters  
 
 
TTFF(s) No. of Sats Availability (%)
Min 22 3
Max 48 10
Mean 34 7.6
STD 6.9 2
Min 23 3
Max 120 10
Mean 40.7 6
STD 11.7 1.6
Min 23 4
Max 125 10
Mean 42.1 5.3
STD 12.3 1.3
Min 22 3
Max 48 10
Mean 34.8 6
STD 6.9 4.5
Min 52 3
Max 121 4
Mean 80.8 3.8
STD 27.9 0.4
Min 22 3
Max 125 10
Mean 40.8 5.8
STD 12 1.6 86.70%
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Table-5: Stand-Alone HS GPS Performance  
 
 
Test results also led to the assumption that eTrex and SPOT have similar performance in 
most scenarios as SPOT messenger only PASSed successfully in Test Points where eTrex showed 
6 or more visible satellites. From the Tables:2,3,4 & 5 above, it can be clearly seen that SPOT has 
an average availability of 40%, almost less than half as opposed to the benchmarking devices. 
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Fig-10: Availability Comparison 
  
 
 
Fig-10 shows the availability comparison plots between devices tested. SPOT has the 
lowest  availability  rate  of  40%,  however  other  devices  like  AGPS  (MS-Assisted  &  MS-
Based) sit at 98.5% and 99.8% respectively. Stand-Alone HS-GPS also outperforms SPOT 
with an availability of 86.7%. 
 
3. CONCLUSIONS 
SPOT claims to work in most locations with open or partial open sky availability. 
However  the  experiments  above  revealed  the  average  reliability  and  availability  did  not 
exceed 40% in the test area. This was obvious from no communication throughout in six or 
less satellites.  AGPS demonstrates an average reliability in the ranges of 98 and 99%. Even 
Stand-Alone HS GPS, which has a relatively lower availability rate than AGPS stands in the 
availability range of 86%, much higher than SPOT. All three benchmarking devices conform 
to much higher availability percentages than SPOT satellite messenger. 
In scenarios where people are lost, injured or are in life threatening situations and need 
immediate help, highest availability and reliability would be required. The tests revealed that 
the  SPOT  has  zero  performance  indoors  in  comparison  to  AGPS.    Table-6  shows  the 
comparison in terms of availability and failure rates of all devices in discussion. 
TTFF No. of Sats Availability (%) Overall (%) Excluding Indoors
SPOT 544 4.8 40.2 59.8 49.75
SET-Assisted 11.6 6.8 98.5 1.5
SET-Based 11.8 7.3 99.8 0.2
Stand-Alone 40.8 5.8 86.7 13.3
AGPS
Failure Rate (%)
 
Table-6: Overall performance parameters and Failure Rate  
 
It’s also obvious that SPOT had unrealistically the highest mean TTFF==544secs with 
lowest average number of visible satellites and a mean failure rate of about 60%, as shown in 
Fig- 11. 
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Fig-11: Performance Statistics 
 
The other devices have significantly better performance in comparison. SET-Based 
performed the best with lowest TTFF, highest mean number of satellites and lowest failure 
rate. If we even exclude the indoor scenario for SPOT, the failure rate is still around 50% 
approx, thus declaring it a questionable option for highly demanding, time critical Location 
Based Emergency Services, LBES.  
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